Some aspects of the theory of low loss crystal systems are presented. The effect of small losses on the re.sonant frequency, the difference her ween the resonant and antiresonance frequencies, and the electrical impedances at resonance and at antiresonance, is calculated. A quality factor is defined and related lo the mechanical loads on the crystal.
The crystal is placed in a coordinate system with the left face at x=0 and the right face at x=Lo If the thickness of a crystal vibrating in a thickness mode is small compared to the other dimensions, or if the length of a crystal excited in a longitudinal mode is large compared to the other dimensions, a one-dimensional theory is applicable?
We proceed with the development of the theory. For the purpose of this discussion the resonant and antiresonant frequencies of a crystal system can be defined as the frequencies at which the absolute value of the electrical input has its minimum and maximum values, respectively.
The results. The inclusion of these terms adds much complexity to the formulas so they will be neglected. Expression (9) is first differentiated and powers of e up to and including the fourth are retained. This is then set equal to zero. The exact forths of the coefficients of the various powers of e are quite complex. However, because the discussion is limited to values of A and • which are less than or equal to 0.10, it is possible to approximate these coefficients to an accuracy of two or three percent by very simple expressions. When this is done the following equation results: We can obtain an expression for •f/f• as follows. From definitions given previously we note:
The quantity •,.
-• can be obtained by taking the difference between (12a) and (12b). The quantity % in the denominator of (14) is approximately equal to • (within 3 percent).
The following relation is then obtained: 
In the above lornrains 00=
The above formulas, (a) to (g), relate various quantities of interest for a vibrating crystal under low loss loading conditions, to the constants of the crystal and the values of the load impedances. The formulas are applicable when the loads are purely resistive. It should be noted that the capacity Co appears in the expression for 00. In making experimental measurements on the crystal system it is necessary to take into consideration any capacity in parallel with the capacity of the crystal. Under such circumstances, in the above expression for 00 the quantity Co should be replaced by Co plus any such additional parallel capacity. As can be seen from the above formulas, the quality factor Q' is decreased, and the difference between the antiresonant frequency and the resonant frequency is decreased by added parallel capacity.
APPLICATION OF RESULTS
As an application of the above formulas it might be desirable to obtain the value of the quality factor for a vibrating crystal when radiation is the controlling factor. (Let the acoustic impedance of the load be equal to pV.)
The quality factor Q' is given by the formula
A If we consider a 1" square x cut quartz crystal 0.120" thick excited at its first resonant frequency (930 kc) for thickness vibration and radiating into CO2 gas from both sides, we obtain the value of the quality factor as follows (room temperature is assumed): We first note that 0o = ( •/Zo) (1/c00C), It is readily seen from (33) that the quality factor Q' is independent of the thickness of the crystal and therefore independent of the resonant frequency. The input impedance into the medium driven by the crystal is assumed to be a pure resistance.
The results of this paper make it possible to compute a value for the crystal holder impedance when it can be assumed that this impedance is practically a pure resistance. This calculation is of interest in the analysis of the operation of the double crystal acoustic interferometer which is discussed in an accompanying paper. Consider the arrangement illustrated in Fig. 2 .
At x=0 the impedance Z1 is equal to the holder impedance which is assumed to be a pure resistance. At x =L, the impedance Z• is equal to the impedance Z•=A•pV. From an experimental measurement of the quality factor of the crystal in the holder and the use of formula (28) 
